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Recent investigations in plant physiology have made it clear
that the control of plant growth and development is vested not in
a single hormonal type. On the contrary, it is shared by several
plant hormones such as auxins, cytokinins, gibberellins, abscisic
acid and ethylene, and this is further subject to modification by
certain naturally occurring inhibitors (74) and the interactions
among all these hormones and inhibitors.
Experiments have indicated that some types of plant growth
responses to applied auxins can be duplicated by the application of
ethylene, e.g. the stimulation of adventitious root initiation (90),
inhibition of root elongation (12, 15, 16), inhibition of bud growth
(12, 13), inhibition of growth of pea stem sections (10, 12), inhi-
bition of opening of the hook in bean hypocotyls (30), stimulation
of leaf abscission (4, 27, 56), epinastic response of leaf (69, 90),
induction of flowering in pineapple (11), and inhibition of flowering
in cocklebur plants (2). In other words, auxins and ethylene seem
to relate with one another. Recent studies (1, 4, 10, 11, 12, 13,
15, 16, 21, 26, 27, 28, 29, 43, 48, 56, 58, 79, 80) have shown that
both natural and synthetic auxins are able to stimulate ethylene pro-
duction by a wide range of plant tissues. Many investigators have
presented direct evidence that some of the plant growth responses
to applied auxins might be due to the production of ethylene induced
by auxins (2, 10, 11, 12, 13, 15, 16, 27, 30, 56, 69).
2In addition to auxins, kinetin is also known to be able to
stimulate ethylene production (3, 21, 82), but to a lesser extent
than auxins. Fuchs and Lieberman (21) reported that either auxin
or kinetin alone can only stimulate ethylene production moderately.
However, a remarkable synergistic effect on ethylene production
has been observed when they were applied together (13, 21). The,
underlying mechanism is not known and no followed up work in this
area has been done.
Since ethylene has a wide spectrum of physiological action
(7, 9, 53), changes in the internal level of ethylene production
are of great significance to the physiological and biochemical pro-
cesses in plants (58). The importance of the studies on the regu-
lation of ethylene production is obvious.
In present investigation the well known plant hormones, indole-
3-acetic acid (IAA) and kinetin are employed on hypocotyl sections
of etiolated mungbean (Phaseolus mungo L.) for studying their
possible mechanism(s) in regulating the production of ethylene. In
addition, studies on the effects of the nucleic acid synthesis
inhibitor (actinomycin D), the protein synthesis inhibitor (cyclo-
heximide), and the herbicide, isopropyl-N-(3-chlorophenyl)carbamate
(CIPC) on ethylene production were also conducted.
The aim of this investigation is to advance the understanding
of the mechanism of IAA-induced ethylene production. It is hoped
that this investigation might lead us to have a better understanding
of the mechanisms that regulate plant growth and development through
the interaction of IAA and ethylene.
3LITERATURE REVIEW
The work described in this thesis concerns the regulation and
control of ethylene production by the exogenous supply of IAA,
kinetin and CIPC. A review of pertinent literature is given as a
background to the experiments here reported.
1. Stimulation and inhibition of growth by auxin
In 1937, Thimann (73) found that the growth rate in certain
plant organs (root, bud, and stem) increased in direct proportion
with the addition of auxin up to a maximum. Beyond this plateau,
if with further increase of concentrations the growth rate would
fall, and eventually it would be inhibited completely in suffi-
ciently high concentrations. Thimann also showed that there
existed a differential sensitivity of the root, bud, and stem to
a given concentration of auxin. The optimal concentrations of
auxin for growth of root, bud, and stem are 10-10 M, 10 8 M, and
-
10 M, respectively.
In 1952, Foster and his associates (20) advanced a theory of
two-point attachment and tried to explain the stimulatory and
inhibitory effect on plant growth caused by auxin. They suggested
that in order for auxin to function, the auxin molecule has to
attach to some receptive entity in the cell, presumably an enzyme.
In order to have stimulatory effect the aromatic ring of the auxin
molecule has to attach to one position while the carboxyl group of
the side chain of the same molecule has to attach at the other
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position of the same entity. Therefore, by increasing the auxin
concentration, within limit, more auxin-entity complex will be
formed and promotion of growth will be observed. If, however, the
concentration of auxin is further increased, two auxin molecules
become attached at the same entity, one molecule on each of the two
positions, they will cause the inhibition of growth by preventing
the complete double attachment (which is the dual requirement for
auxin activity). There was no other more attractive theory pro-
posed at that time.
2. Correlation between auxin concentration and ethylene evolution
By using a solvent extraction technique, Thimann in 1934 (72)
showed that the coleoptile apex and the root apex are the two
primary loci of auxin formation in the etiolated oat seedling and
the auxin concentration found in the root apex is much less than
that in the coleoptile. In the same year, Thimann and Skoog (76)
reported that in normal light-grown Vicia faba seedlings small
amounts of auxin were found in all lateral buds and leaves, with
the young expanding leaves containing most of the substance.
However, they found that the apical bud yield almost six times as
much auxin as the young expanding leaves. These reports suggest
that the growing apices (apical meristems) of different organs are
the major sources of auxin.
An enzyme, IAA-oxidase, which breakdowns IAA to a physio-
logically inactive product oxidatively (23, 47), has been found to
bear an inverse relationship to that of the concentration of IAA
5in plant seedlings. Galston and Dalberg in 1954 (23) reported
that IAA-oxidase activity increases with the physiological age of
the tissues. It begins from the apical hook regions of the pea
seedlings, thence there is an increasing gradient of IAA-oxidase
activity along the seedlings in direct proportion with the state
of maturation of the tissues. In stem, root, and bud where the
tissues are capable of rapid growth, the activity of IAA-oxidase
is very low. In slower growing tissues there are somewhat higher
IAA-oxidase levels, and in mature tissues completely incapable of
growth there are the highest observed activities. In 1967, Galston
(22) has explained this adverse relationship between the levels of
IAA and IAA-oxidase as the mutal regulatory mechanism in plant
growth.
Several people have reported on rate of ethylene evolution in
association with the scale leaves and apical regions of the stem
and root of etiolated pea seedlings (12, 24, 30), and with the apex
and young petiole of a light-grown pea stem (8). In .contrast, it
has been found that an older petiole produces much less ethylene
(8). It has been found that epicotyl, the expanding leaves and
the nodal regions of the epicotyl are sites of maximal ethylene
synthesis in 7-day old etiolated pea seedlings (13). Evidently
throughout the etiolated pea seedlings, the rate of ethylene pro-
duction is correlated with a high auxin level (compare 76 with 8,
12, 13, 24, 30), and low IAA-oxidase activity (compare 23 with 8,
12, 13, 24, 30). This phenomenon is presumably due to the pro-
duction of ethylene being stimulated by auxin (2, 4, 10, 11, 12,
13, 15, 16, 27, 28, 30, 56, 69)o
63. Auxin-'stimulated ethylene production
There are numerous reports relating various auxin effects to
increased ethylene production. These include the stimulation of
adventitious root initiation (90), inhibition of root elongation
(12, 15, 16), inhibition of bud growth (12, 13), inhibition of
growth of pea stem sections (10, 12), inhibition of opening of the
hook in bean hypocotyls (30), stimulation of leaf abscission (4,
27, 56), epinastic response of leaf (69, 90), induction of flowering
in pineapple (11), and inhibition of flowering in cocklebur plants
(2). It is evident that there is a close relationship between
auxin and ethylene.
The influence of auxin on ethylene production was first
reported by Zimmerman and Wilcoxon in 1935 (90). They tested the
effects of several auxins and their inactive analogues on root
initiation, leaf epinasty, and ethylene production. When added
systemically, the active auxins contained in lanolin has not only
stimulated root initiation but has also caused a marked epinastic
response in ethylene sensitive plants, accompanied by a surge of
ethylene production. These results, along with some additional
ethylene-like effects of auxins on Mimosa and pea seedlings, were
cited. They suggested that .....some of the effects attributed to
the so-called 'growth substances' might be due indirectly to the
unsaturated hydrocarbon gas produced in the tissue...... In the
same year, Crocker, Hitchcock and Zimmerman (17) advanced the more
general hypothesis that ethylene might have acted as a natural
developmental regulator in a manner similar to the plant auxins.
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Abeles and Rubinstein in 1964 (4) reported that IAA, naptha-
leneacetic acid and, to a lesser extent, indolepropionic acid and
indolebutyric acid, would cause an increase in ethylene production
by hypocotyl sections of Phaseolus vulgaris. They showed that
auxin applications could stimulate ethylene production from roots,
stems and leaves of nine species of plants and that endogenous
levels of auxin also regulated the production of ethylene from
vegetative tissues. Since then, similar results were reported (1,
10, 11, 12, 13, 15, 16, 21, 29, 56, 58, 79, 80).
Burg and Burg in 1966 (10) presented a classical experiment
which showed that the inhibition of elongation and swelling of pea
stem caused by high concentrations of auxin could be mediated by
auxin-induced ethylene production. They found that the con-
centration of IAA (above 10- 6 M) which inhibited elongation also
stimulated the tissues to produce ethylene. Since there is a
close correlation between the intensity of ethylene production and
the extent of the inhibition, they suspected that ethylene might
have contributed to the auxin response. By comparing the results
obtained from the sections which were incubated in various con-
centrations of auxin with or without applied ethylene, they con-
cluded that ethylene alone is responsible for the inhibition of
elongation which occurs at supraoptimal concentrations of auxin.
Similarly, they concluded that the swelling which accompanies the
inhibition of elongation is also due solely to ethylene, and not
to auxin.
Chadwick and Burg in 1967 (15) and 1970 (16) further extended
8this idea and showed that low concentrations of IAA (above 10-7 M)
inhibited the growth of pea root sections by inducing the formation
of ethylene. The amount of ethylene produced is a function of IAA
concentration and is also closely related to the growth inhibition
caused by IAA.
Inhibition of bud growth by high IAA concentrations was also
observed. Burg and Burg (13) showed that IAA at concentrations
ranging from 10-7 M to 10_4 M stimulates ethylene production in
the nodal region of pea stem. There is also a close correlation
between the intensity and duration of ethylene production (which
is a function of IAA concentrations) and the bud inhibition which
results.
The studies of Burg and his associates suggest that ethylene
production is promoted by IAA in concentrations at which IAA exerts
an inhibitory effect on the elongation of etiolated pea root, bud
and stem. They concluded that the inhibitory effect of supra-
optimal concentrations of IAA on growth is mediated by the IAA-
stimulated ethylene production and that most effects of auxin,
aside from growth promotion and allied responses, are mediated by
an intervening step in which an effector molecule ethylene is
produced (12).
Kang and his associates in 1971 (29) reported that the auxin-
induced ethylene production and growth of etiolated pea shoot
sections parallels the free IAA level in the tissues and that
higher concentration of IAA favors ethylene production while lower
concentration of IAA favors growth. Their conclusion corresponds
with several previous reports (10, 12, 13, 15, 16).
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Abeles in [1966 (1) reported his experiment of using actino-
mycin D (which blocks DNA-dependent RNA synthesis), 2-thiouracil
(which causes the formation of nonsense RNA), puromycin (which
inhibits the coupling of amino acids by acting as an analogue of
t-RNA), and p-fluorophenylalanine (which results in the formation
of abnormal protein). He showed that actinomycin D and puromycin
are the most effective inhibitors which inhibit auxin-induced
ethylene synthesis in hypocotyls of Phaseolus vulgaris, and
Helianthus annuus and coleoptiles of Zea mays. He concluded that
the mechanism of action of auxins on the stimulation of ethylene
production is the formation of enzyme involved in ethylene biogenesis.
In addition, inhibition of auxin-induced ethylene production
by actinomycin D (14) and by cycloheximide (14, 29, 58) were also
reported. Results of these experiments suggest that perhaps both
nucleic acid and protein synthesis are required for auxin-dependent
ethylene production.
The actual mechanism for auxin-induced ethylene production is
unclear because of the failure of isolating and characterizing the
responsible RNA species and/or protein(s)/enzyme(s) involved in the
biogenesis of ethylene in vivo.
In vitro studies, Yang and his associates have demonstrated that
ethylene may be formed enzymatically from either keto analogs of
methionine, alpha-keto-gamma-methylthiobutyric acid or methional by
an enzyme system which consists of pure horseradish peroxidase,
sulfite, monophenol, Mn++, and 02 whereas H202 could replace Mn++
and 02 (83, 84, 85, 86). However, Kang and his associates (29)
have suggested that auxin-stimulated ethylene production is not
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mediated by the induction of peroxidase synthesis, but by inducing
the formation of a highly labile protein which in turn controls
the rate of ethylene production.
4. Kinetin-stimulated ethylene production
It is known that IAA and NAA are not the only compounds that
stimulate ethylene production in plant tissues. Other plant growth
hormones such as kinetin (3, 21, 82) and gibberellic acid (4), and
the plant growth regulators, 2,4-dichlorophenoxyacetic acid (27,
28, 29, 48, 79, 80) and 2,4,5-trichlorophenoxyacetic acid (43) also
stimulate ethylene production.
In contrast to research activities regarding auxins, the
studies of the relation of kinetin to ethylene has been studied by
much less people. In 1967, Abeles and his associates first showed
that explants of Phaseolus vulgaris treated with high concentrations
of kinetin and N6-benzyladenine doubled the ethylene production (3)0
In 1968, Fuchs and Lieberman conducted a more detailed experiment and
reported that N6-benzyladenosine stimulated ethylene production in
2-day old pea seedlings, much the same as kinetin (21). However,
adenine had no significant stimulatory effect on ethylene production.
In 1971, Wade and Brady (82) showed a 30 per cent increase in
ethylene production when kinetin solution (2 x 10-5 M or 10-4 M)
was infilitrated into the freshly cut transverse slices of green
banana fruit. Evidently, kinetin does stimulate ethylene production
by different plant tissues, but to a far lesser extent than those
caused by IAA.
In 1968, Fuchs and Lieberman (21) suggested that the inter-
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actions between kinetin, IAA and gibberellic acid may regulate
ethylene production and the growth of the epicotyl sections of etio-
lated Alaska pea seedlings. Both kinetin and IAA were found to
stimulate ethylene production while gibberellic acid had virtually
no effect on 3 to 5 day old pea seedlings. The age of the tissues
seems to play an important role in the case of kinetin for it stimu-
lates ethylene production only in 3 to 4 day old seedlings but not
in 6 day old seedlings (21). Likewise, the magnitude of stimulation
which auxin causes also depends upon the age of the tissues. It
has been reported that when auxin is applied the capacity of bean
petiole explants (4) or stem sections (8) to produce ethylene varies
inversely to the age of the tissues.
A remarkable synergistic effect of kinetin on IAA-stimulated
ethylene production was reported (13, 21). Fuchs and Lieberman in
1968 (21) showed that when both kinetin and IAA were applied to
seedlings at zero time, a tremendous amount of ethylene was evolved
as compared with those treated only with IAA or kinetin. Similar
but independent result was reported by Burg and Burg in the same
year (13). They demonstrated that kinetin at a concentration of
2 x 10-5 M approximately doubled the amount of ethylene evolved by
nodal sections of pea treated with 2 x 10-5 M IAA. The duration of
ethylene production was extended considerably.
Cycloheximide has been found to inhibit kinetin-induced
ethylene production in 2-day old pea seedlings (21). This experi-
ment indicates that the stimulation of ethylene production induced
by kinetin may be due to the induction of an enzyme system which
produces ethylene.
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5. Isopropyl-N-(3-chl orophenyl)carbamate (CIPC)
CIPC, a member of the phenylcarbamates, has been used in
agriculture as a selective herbicide. It has been shown that the
mode of action of these compounds on plants is diversified and
many-folded. Early studies of this series of compounds were mainly
on cytological and morphological effects on plants (59, 60).
Studies by Mann and Storey (41, 70) showed that CIPC, isopropyl-
N-phenylcarbamate (IPC), and 4-chloro-2-butynyl-N-(3-chlorophenyl)
carbamate (barban) which are another members of phenylcarbamates,
at low concentrations caused almost immediate cessation of mitotic
activity, followed by contraction of chromosomes in the prophase,
metaphase and anaphase in the root tip cells of several plant
species.
In a screening test, Mann and his associates have observed
that phenylcarbamate causes inhibition of amino acid incorporation
into protein in barley coleoptile and Sesbania hypocotyl tissues
(40). Yung and Mann (87) showed that barban treatment caused
approximately 75 per cent inhibition of 32P incorporation in both
RNA and DNA in excised roots of Sesbania. They suggested that the
inhibition of protein synthesis caused by some herbicides may be
due to inhibition of RNA or DNA synthesis.
Later, Yung and Mann (88) reported that barban severely
inhibited the gibberellic acid-activated alpha-amylase synthesis in
barley endosperm, if added within 5 hours of gibberellic acid treat-
ment of the embryo-free half-seeds. They suggested that phenyl-
carbamates acted as a non-competitive inhibitor with respect to
gibberellic acido They concluded that the carbamates are anti-
13
derepressor agents inhibiting the gibberellic acid-stimulated alpha-
amylase synthesis in barley endosperm. It was inferred that this
compound blocks the synthesis of the specific m-RNA for alpha-
amylase synthesis. Once the m-RNA for alpha-amylase is synthesized,
it is no longer effective.
The result of Yung and his associates who worked on the effect
of barban on tobacco callus supports this idea (89). They used
high kinetin and low IAA concentrations for inducing the shoot
formation in tobacco callus. They showed that shoot formation in
tobacco callus is completely inhibited by the presence of barban
in the culture media during the first 2 days. However, cultures
transferred to barban from the 4th to the 12th day showed progres-
sively less inhibition of bud formation. They suggested that
certain specific processes, which are subjected to inhibition by
barban at early stages, are involved in shoot differentiation.
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MATERIALS AND METHODS
1. Plant Material Used:
The seeds of mungbean (Phaseolus mungo L.) purchased from
local market were surface-sterilized for 3 minutes in 1:33
dilution of a commercial chlorine laundry bleach, Clorox, which
is approximately equivalent to 0.02 per cent sodium hypochlorite.
After thoroughly washed and rinsed with distilled water, these
seeds were allowed to imbibe with aeration in distilled water for
12 hours at room temperature. The fully soaked-seeds were planted
in vermiculite in a plastic bin and let to germinate in darkness
at room temperature. In the latter part of the experiments, seeds
were germinated in a Kottermann growth chamber at 270 C. Seedlings
of 31/2 to 5 days old were harvested for experiments.
2. Method of Excision and Incubation:
Under laboratory light condition, 2 to 3 cm long hypocotyl
sections were excised from 1 cm below the hook with a razor blade.
The exact number and length of the hypocotyl sections employed
will be given in each experiment. The hypocotyl sections were
placed in a 50 ml Erlenmeyer flask wrapped with aluminum foil
containing 0.05 M phosphate buffer, pH 6.0, 2 per cent sucrose,
with or without plant growth hormone(s) and/or inhibitor(s). The
final volume of the incubation medium was 5 ml, unless otherwise
specified. A test tube containing 1.5 ml of 20 per cent KOH was
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included in the flask to absorb CO2. The flask was then stoppered
with a serum cap and incubated in a metabolic shaker with constant
shaking at room temperature. Of each treatment, at least tri-
plicate samples were run.
3. Measurement of Ethylene Content:
At appropriate time intervals during incubation as indicated,
a 1-ml gas sample was withdrawn from each flask with a hypodermal
syringe and injected into a dual column gas chromatograph (Hewlett-
Packard, 7620A Research Chromatograph) using a 2Y2 feet x 1/8 inch
copper column packed with NaOH-treated alumina (mesh range: 30
to 60) and connected to a hydrogen flame ionization detector.
Nitrogen was the carrier gas. The oven temperature was adjusted
to 700 C. External ethylene standard was injected for calculation.
Ethylene production was expressed as nanoliter (nL)/gmo fro wto
or nL/30 hypocotyl sections.
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RESULTS
1. Effect of indole-3-acetic acid (IAA) concentration on ethylene
production in different parts of etiolated mungbean seedlings
At concentration of 10 8 M IAA had little, if any, effect on
ethylene production in the hook, hypocotyl and root sections (Fig. 1)
Ethylene production increased progressively with increasing IAA
concentration from 10 6 M up to 10-3 M. At 10-2 M of IAA, reduction
in ethylene production was observed as compared with ethylene pro-
duction at 10 3 M and 10-4 M. All the three parts of plant tissues,
i.e. hook, hypocotyl and root sections, responded to IAA stimulation
in producing ethylene and exhibited the same pattern. A greater
amount of ethylene per gram fresh weight was observed in the hypo-
cotyl sections, the hook sections being the intermediate while the
root sections being the least (Fig. 1).
In the subsequent experiments, hypocotyl sections were used
because of its higher ethylene production with respect to IAA
stimulation.
2. Effect of pH on IAA-induced ethylene production by hypocotyl
sections of 4-day old etiolated seedlings
The range of pH used in this experiment was from 2.0 to 12.0.
The buffer solutions were made of phthalate, phosphate or Tris.
Ethylene production in response to 2 x 10 M IAA at various
pH values, after 11 hours of incubation, is shown in Figure 2. The
apparent pH optimum for ethylene production in both IAA-treated and
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Figure 1 Ethylene production by hook, hypocotyl and root
sections at various concentrations of IAA.
Twenty-five sections of the hook region (1-cm
long, with cotyledons and first true leaves), the
hypocotyl (2-cm long, cut 1.5-cm below the hook),
and the root (3-cm long, with 0.3-cm long hypocotyl)
of the 4-day old etiolated mungbean seedlings were
incubated in 5-ml buffer at 26° C in darkness for
22 hours. The incubation buffer consisted of 0.08 M
potassium phosphate buffer, pH 6.6, 2 per cent














Figure 2 Effect of pH on IAA-induced ethylene production by
hypocotyl sections of the 4-day old etiolated mung-
bean seedlings.
Twenty 2-cm long hypocotyl sections were
incubated in 5-ml buffer at 26° C in darkness for
11 hours. The incubation medium consisted of
2 x 10-.4 M IAA, 2 per cent sucrose and 0.04 M
potassium phosphate, potassium phthalate, or Tris




















control hypocotyl sections is around 4 to 5. This experiment was
repeated and the result was the same.
The pH value of incubation medium used in all subsequent
experiments was 6.0.
3. Effect of removal of IAA on ethylene production
If the external source of IAA was removed during enhanced
ethylene production by transferring the hypocotyl sections to IAA-
free medium after 1- or 3-hour IAA treatment, the amount of ethylene
production is significantly reduced as compared with the IAA-treated
tissues (Fig.3). Immediately after the removal of IAA, the tissues
continued to produce ethylene, same as the IAA-treated sections,
for 1 to 2 hours; then the production of ethylene became reduced.
Ethylene production was completely ceased, about 6 to 7 hours after
the transfer (Fig. 3). The data suggest that continued supply of
IAA is essential for ethylene production.
4. Effect of the time of IAA addition on ethylene production by
hypocotyl sections
To examine the effect of the ageing of tissues in response to
IAA stimulation in ethylene production, IAA (2 x 10-4 M) was added
at various time after hypocotyl sections were prepared. Hypocotyl
sections were first incubated in buffer solution, and then trans-
ferred to buffer solution containing 2 x 10.4 M IAA after 2, and
4 hours. It is evident from Figure 4 that the tissues responded
to added IAA and produced ethylene rapidly, but to a far lesser
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Figure 3 Effect of removal of IAA on ethylene production by
hypocotyl sections of mungbean seedlings.
Twenty 2-cm long hypocotyl sections of 4-day
old etiolated seedlings were incubated in 5-ml buffer
solution consisting of 0004 M phosphate buffer, pH
6.0, 2 per cent sucrose, and 2 x 10 4 M IAA. At 1
or 3 hour after incubation (indicated by arrows),
the sections were washed with a IAA-free buffer for
several times and incubated with the same medium.
















Figure 4 Effect of the time of IAA addition on ethylene
production by hypocotyl sections.
Twenty 2-cm long hypocotyl sections of 4-day
old etiolated seedlings were incubated in 5-ml buffer
solution consisting of 0.04 M phosphate buffer, pH
6.0 and 2 per cent sucrose in darkness. These were
transferred to buffer solution containing 2 x 10_4 M
IAA at 2 and 4 hour (indicated by arrows). Ethylene


















extent as compared with the sections treated with IAA immediately
after excision. Furthermore, the duration of IAA-induced ethylene
production gradually decreased as the time of IAA addition after
the preparation of the hypocotyl sections was delayed.
It has been reported that RNase (18, 19, 37, 64, 67, 68, 78),
DNase (67, 68), protease (5), peroxidase (37, 52, 55), IAA-oxidase
(23), and other hydrolytic enzymes (5, 18, 37, 68, 78) were activated
by ageing after cutting. The reduction of ethylene production in
response to IAA in aged tissues may be due to the increase of
RNase, DNase, protease, peroxidase, IAA-oxidase, and hydrolytic
enzyme activities.
5. Effect of cycloheximide concentration on IAA-induced ethylene
production by hypocotyl sections
Many IAA effects are known to be associated with protein syn-
thesis (31, 33, 50, 81). It is worthy of investigating whether or
not the stimulation of ethylene production induced by IAA is due to
the induction and/or activation of an enzyme system which produces
ethylene.
As shown in Figure 5a, IAA (l08 x l0 4 M) did stimulate
ethylene production appreciably, as compared with the control.
However, when the hypocotyl sections were incubated with IAA along
with various concentrations of cycloheximide, a potent protein
synthesis inhibitor (62, 77), ethylene production induced by IAA
was greatly reduced. The amount of ethylene produced was inversely
proportional to the concentration of cycloheximide (Figs. 5a 5b).
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Figure 5 Effect of cycloheximide concentration on IAA-induced
ethylene production by hypocotyl sections
a. Time course of ethylene production induced by
1.8 x l0 M IAA in the presence of various con-
centrations of cycloheximide.
b. Percentage of inhibition of IAA-induced ethylene
production in the presence of various concen-
trations of cycloheximide for 5 hours.
Twenty 2.5-cm long hypocotyl sections of k-day
old etiolated mungbean seedlings were incubated in
6-ml incubation medium consisting of 0.05 M phosphate
buffer, pH 6.0, 2 per cent sucrose and 1.8 x 10 4 M
IAA. Cycloheximide at various concentrations were
added to the medium at zero time and ethylene pro-
duction was measured at intervals as indicated.
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a
IAA 1.8 x 10-4M
CH 10-7M































Cycloheximide at concentration of 10-4 M completely prevented
ethylene production induced by 1.8 x 10-4 M IAA while cycloheximide
at concentration as low as 10- 7 M was also effective in inhibiting
IAA-induced ethylene production. The percentage of inhibition
increased with an increasing concentration of cycloheximide (Fig. 5b).
6. Further studies on the effect of cycloheximide on IAA-induced
ethylene production
In this experiment, both the concentration of IAA and cyclo-
heximide were of the same order, i.e. 10-4 M. Ethylene production
in IAA-treated sections (Fig. 6) was essentially the same as the
previous experiment (Fig. 5). Similarly, 10-4 M cycloheximide
totally inhibited the production of ethylene by excised tissues
incubated with 10 4 M IAA.
The removal of IAA from excised tissues after 3 hour IAA treat-
ment resulted in an apparent decline of rate of ethylene production
(Fig. 6), as previously shown in Figure 3. Ethylene production at
the initial 2 hours after transfer was very much the same as the
IAA-treated control, but it declined rapidly thereafter. If, how-
ever, cycloheximide or IAA plus cycloheximide were added to the
sections during the apparent decrease in ethylene production rate
caused by IAA removal at 3 hour (Fig. 6), the decrease in the pro-
duction was further enhanced, regardless the presence of IAA.
However, when the sections treated with IAA for 109/2 hours were
transferred to buffer solution, to cycloheximide (10w4 M), or to
cycloheximide (10 4 M) containing IAA (10-4 M), no reduction in
ethylene production was observed (Fig. 6).
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Figure 6 Further studies on the effect of cycloheximide on
IAA-induced ethylene production.
Twenty 2-cm long hypocotyl sections of 3/2-day
old etiolated seedlings were incubated in 5-ml
medium at 250 C in darkness. The incubation medium
consisted of 0.035 M potassium phosphate buffer,
pH 6.0, 2 per cent sucrose, 10-4 M IAA, with or
without 10-4 M cycloheximide.
In transfer studies, incubation was started
with buffer containing 10.4 M IAA, and at 3 and 10Y/2
hour (indicated by arrows) the sections were washed
with an IAA-free buffer for several times and then
incubated with either buffer solution, buffer
solution containing 10 M cycloheximide, or buffer

























It is known that cycloheximide acts by interferring the trans-
fer of amino acid from aminoacyl-t-RNA to the nascent polypeptide
chain (62); as a consequence, the movement of ribosomes relative
to m-RNA is slowed down drastically or even prevented in the pre-
sence of cycloheximide (77). The reduction in IAA-induced ethylene
production in 3 hour transfer studies (Fig. 6) seems to suggest
that the stimulation of ethylene production by IAA is due to the
stimulation of protein synthesis which in turn is responsible for
ethylene production.
From Figure 6, 9 to 10 hours is approximately the end of the
log phase and the beginning of the steady phase of IAA-induced
ethylene production. Since ethylene production is mediated by the
newly synthesized protein, the synthesis of which is induced by IAA,
the amount of ethylene produced should, therefore, be proportional
to the amount of protein synthesized. At the end of the log phase
and beginning of the steady phase of IAA-induced ethylene production,
there should be very little, if any, protein newly synthesized. The
ineffectiveness of inhibition of ethylene production by cycloheximide
in 10/2 hour transfer studies as compared with 3 hour transfer studies
might be due to a very little amount of, or no, new protein synthe-
sized at this stage.
7. Effect of actinomycin D on IAA-induced ethylene production by
hypocotyl sections of etiolated mungbean seedlings
Actinomycin D is a nucleic acid synthesis inhibitor (39, 49).
The use of actinomycin D may serve as a tool to elucidate whether
or not the stimulation of ethylene production by IAA is due to the
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stimulation of DNA-dependent RNA synthesis which directs the syn-
thesis of protein responsible for ethylene production.
As shown in Figure 7, the hypocotyl sections treated with
10 M IAA produced an appreciable amount of ethylene as compared
with the control. However, the IAA-induced ethylene production was
inhibited by about 40 per cent at the end of 8 hour-incubation in
the presence of actinomycin D (30 r/ml, i.e. 30 ug/ml). This
result seems to suggest that the stimulation of ethylene production
by IAA may be due to the stimulation of nucleic acid synthesis
which in turn is involved in ethylene production..
When the sections were transferred from IAA to buffer solution
after a 2-hour treatment, the tissues continued to produce ethylene,
same as the IAA-treated sections, for 1/2 hour. Then the rate of
ethylene production declined and it stopped at the end of 3 hour
(Fig. 7b). Similar result was obtained in the sections that were
transferred to buffer solution containing actinomycin D. Sections
transferred from IAA to IAA plus actinomycin D solution was found
to produce a comparatively higher amount of ethylene than those
transferred to either buffer or to actinomycin D. This result was
reasonable because actinomycin D at a concentration of 30 ug/ml
only exerted a partial inhibitory effect on IAA-induced ethylene
production (Fig. We
Sections that were transferred from IAA to either buffer or
actinomycin D at 5 hour produced the same amount of ethylene as
the un-transferred IAA-treated sections (Fig. 7c). They showed a
higher rate during the 1/2 hour after transfer. This is possibly
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Figure 7 Effect of actinomycin D on IAA-induced ethylene
production by hypocotyl sections.
a. Time course of ethylene production by hypocotyl
sections incubated in buffer solution containing
10-5 M IAA, with or without actinomycin D
(30 r/ml, i.e. 30 ug/ml).
b. Effect of addition of actinomycin D at 2nd hour
on IAA-induced ethylene production.
c. Effect of addition of actinomycin D at 5th hour
on IAA-induced ethylene production.
Ten 2-cm long hypocotyl sections of 3/2-day old
etiolated-mungbean seedlings were incubated in 3-ml
incubation medium in a 25-m1 Erlenmeyer flask. The
incubation medium consisted of 0.04 M phosphate
buffer, pH 6.0, 2 per cent sucrose and 10-5 M IAA.
Incubation was started with 10-5 M IAA and at 2 and
5 hour (indicated by arrows), the sections were washed
for several times with an IAA-free buffer, and then
incubated either with buffer solution, buffer solution
containing actinomycin (30 ug/ml), or with buffer

































































due to the mechanical stimulus during transfer which is known to
stimulate ethylene production from stressed tissues (53). Never-
theless, during the 1Y2 hour after transfer, higher rate of ethylene
production was observed in the 5 hour transfer sections than in the
2 hour transfer sections. This is possibly due to a greater accumu-
lation of nucleic acid induced by IAA in the sections treated with
IAA for 5 hours.
Similar pattern of ethylene production was observed in the
sections transferred to IAA and to IAA plus actinomycin D during the
first 3 hours after transfer. The former experiment eventually
showed a higher rate of ethylene production than the latter one.
The difference in ethylene production in the sections transferred
to IAA or to IAA plus actinomycin D with that of the un-transferred
sections may be due to the supply of fresh IAA to the tissues (29).
The above data suggest that the stimulation of ethylene pro-
duction by IAA may be due to the stimulation of nucleic acid syn-
thesis responsible for ethylene production.
8. Effect of kinetin concentration on ethylene production by hypo-
cotyl sections of etiolated mungbean seedlings
This experiment was designed to study the effect of kinetin
concentration on ethylene production by the hypocotyl sections of
412-day old etiolated mungbean seedlings. The range of concentrations
used was from l0 8 M to 10-4 M. As shown in Figure 8, kinetin at
concentrations of 10 6 M to l0 4 M stimulated ethylene production
by the excised tissue. The rate of ethylene production increased
directly with the concentration of kinetin above 10-6 M. An
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Figure 8 Effect of kinetin concentration on ethylene
production by hypocotyl sections of etiolated
mungbean seedlings.
Twenty 2.5-cm long hypocotyl section of 4/2-day
old etiolated seedlings were incubated in 5-ml
buffer solution at 28° C in the dark. The incubation
buffer contained 0.05 M potassium phosphate buffer,
pH 6.0, 2 per cent sucrose, with or without kinetin





















apparent increase in ethylene production was observed when kinetin
concentration was increased from 10-5 M to 10-4 M. It was evident
that kinetin at concentration of 10 8 M had little effect on the
stimulation of ethylene production, however, kinetin at concen-
trations of 10 6 M, 10-5 M, and 10 4 M stimulated ethylene pro-
duction about 1-fold, 3-fold, and 8-fold, respectively, in a 10-
hour incubation period.
9. Synergistic effect of IAA and kinetin on ethylene production
and effect of-delayed addition of IAA or IAA plus kinetin on
ethylene production by hypocotyl sections of etiolated mungbean
seedlings
As shown in Figure 9, kinetin (10-4 M) and IAA (10-5 M) alone
stimulate ethylene production remarkedly as compared with the
control. IAA was much more effective than kinetin in stimulating
ethylene production by the hypocotyl sections of the seedlings.
However, when both of them were applied together, a significant
synergistic effect on ethylene production was observed. The IAA
plus kinetin-treated sections produced approximately a 5-fold and
17-fold increase in ethylene production with respect to the IAA-
treated and kinetin-treated sections, respectively.
If, however, the hypocotyl sections were incubated in buffer
solution for 3 hours and then transferred to either IAA (10-5 M)
alone or to IAA (10-5 M) plus kinetin (10 4 M), the amount of
ethylene produced by both transferred sections was much less than
that by the sections treated with IAA or with IAA plus kinetin at
zero time (Fig. 9). This finding is well in accord with the result
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Figure 9 Synergistic effect of IAA and kinetin on ethylene
production and effect of delayed addition of IAA
or IAA plus kinetin on ethylene production by hypo-
cotyl sections of etiolated mungbean seedlings.
Twenty 2.5-cm long hypocotyl sections of 4Y2-day
old etiolated seedlings were incubated in 5-ml incu-
bation medium containing 0.05 M phosphate buffer,
pH 6.0, 2 per cent sucrose, and with or without IAA
(10 M) or kinetin (10 M) or both. In transfer
studies, incubation was started with IAA-free buffer
and at 3 hour (indicated by arrow), the sections
were incubated with buffer solution containing 10-5 M
IAA or with 10-5 M IAA plus 10-4 M kinetin. Ethylene





















presented in Figure 4. It is presumably due to the degradative
enzyme system(s) induced/activated as a result of cutting and ageing
of the tissues, as previously explained.
Evidently the delayed transfer of sections to IAA caused a
significant reduction of ethylene production as compared with the
sections treated with IAA at zero time. However, the delayed transfer
of sections to IAA plus kinetin showed an apparent increase in ethy-
lene production as compared with the sections pre-incubated in buffer
for 3 hours and then incubated in IAA. The delay in incubation in
IAA plus kinetin after 3 hours in buffer showed an apparent decrease
in ethylene production as compared with the sections treated with
IAA plus kinetin at zero time. However, the slopes of these two
curves were similar which indicated that the rates of ethylene pro-
duction were the same. When sections pre-incubated in buffer for
3 hours and then were transferred to either IAA or to IAA plus kinetin
showed an identical amount of ethylene production during the first
3 hours after transfer. However, the one transferred to IAA plus
kinetin showed an eventual increase in ethylene production afterward.
10. Effect of kinetin addition and IAA removal on the ethylene
production rate of hypocotyl sections pre-treated with 10-5 M
IAA for. 3 hours
The removal of IAA (10-5 M) during the enhanced ethylene pro-
duction by transferring the excised tissues to buffer or to buffer
containing kinetin (10 M) after 3 hours IAA treatment caused a
reduction in ethylene production in both transfers as compared with
the un-transferred sections (Fig. 10). Sections transferred to
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Figure 10 Effects of kinetin addition and IAA removal on the
ethylene production rate of hypocotyl sections pre-
treated with 10-5 M IAA for 3 hours.
Twenty 2.5-cm long hypocotyl sections of 41/2-
day old etiolated mungbean seedlings were incubated
in 5-ml medium consisting of 0.05 M phosphate buffer,
pH 6.0, 2 per cent sucrose with or without 10-5 M
IAA, and at 3 hour (indicated by arrow) the sections
were washed several times with IAA-free buffer
solution and then incubated with IAA-free buffer,






















kinetin did not maintain the production rate as the un-transferred
sections. However, sections transferred to IAA plus kinetin pro-
duced a much higher amount of ethylene than the un-transferred
sections but the synergistic effect still did not keep pace with
the sections initially treated with IAA plus kinetin at zero time
(Fig. 10).
It is obvious that the excised tissues which were pre-incubated
in buffer solution for several hours produced a reduced amount of
ethylene in response to IAA (Figs. 4 10) or to IAA plus kinetin
(Fig. 10).
11. Effect of addition of IAA (10-5 M) plus kinetin (10 4 M) on
ethylene production by hypocotyl sections pre-incubated for
3 hours in buffer, IAA (10-5 M), and kinetin (10 4 M)
In this experiment, hypocotyl sections were first pre-incubated
in buffer solution, 10 4 M kinetin, or in 10-5 M IAA solution for 3
hours and then transferred to IAA (1045 M) plus kinetin (1084 M)
solution. As shown in Figure lla, the excised tissues pre-incubated
in buffer or IAA solution and then transferred to IAA plus kinetin
did show a synergistic increase in ethylene production as compared
with the IAA treatment alone. However, in the case of excised
tissues pre-incubated in buffer solution first and then transferred
to IAA plus kinetin, the synergistic effect of ethylene production
was observed not until six or seven hours later. Since tissues in
buffer solution did not receive any external IAA stimulation, the
delay in ethylene production as a)mpared with IAA treatment was
expected. The synergistic effect of ethylene production in hypocotyl
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Figure 11 Effect of addition of IAA (1045 M) plus kinetin
(10 M) on ethylene production by hypocotyl sections
pre-incubated for 3 hours in buffer, IAA (10-5 M),
and kinetin (10 M) solutions.
a. Time course studies of ethylene production
(ethylene production v.s. time of incubation).
b. Time course studies of ethylene production
(ethylene production v.s. hours after IAA treat-
ment).
Twenty 2.5-cm long hypocotyl sections of 4/2-day
old etiolated seedlings were first incubated in 5-ml
incubation medium consisting of 0.05 M phosphate
buffer, pH 6.0 and 2 per cent sucrose; in buffer
solution containing l0-5 M IAA; or in buffer solution
containing l0 M kinetin. At 3 hour (indicated by
arrow), the sections were transferred to buffer
solution containing IAA (10005 M) plus kinetin (10 4 M).
Ethylene production during subsequent hours was



















































sections pre-incubated first in buffer or in IAA solution and then
transferred to IAA plus kinetin solution was much less as compared
with the sections first treated with kinetin solution (Fig. lla).
The data presented in Figure llb is derived from Figure lla,
but it is plotted as ethylene production verses hours after IAA
treatment. The time axis for sections pre-incubated in either buffer
solution or in kinetin solution is shifted to the left hand side for
3 hours. It was evident that the slopes of the curves of the three
groups were different (Fig. llb). Sections receiving kinetin treat-
ment immediately after cutting showed the highest rate of ethylene
production, as visualized by the steepest slopes. The slopes of
curves of ethylene production by the sections treated with IAA plus
kinetin at zero time or treated with kinetin for 3 hours and then
with IAA plus kinetin were the same.
However, sections receiving IAA plus kinetin treatment after
3 hours of incubation in either buffer solution or IAA solution
exhibited an identical slope of ethylene production which was
slightly smaller than those receiving kinetin at zero time. Sections
receiving only IAA but not kinetin throughout the incubation period
showed the least amount of ethylene production and the slope was
the smallest. Thus, it seems that in order to obtain a maximal
effect of kinetin on the synergistic stimulation of IAA-induced
ethylene production, kinetin has to be administered at zero time
after cutting. The effectiveness of kinetin on the synergistic
stimulation of IAA-induced ethylene production declines as the time
of kinetin addition is delayed (Figs. lla & llb).
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12. Effect of kinetin pre-incubation on ethylene production
In this experiment, hypocotyl sections were first pre-incubated
in kinetin solution (10M) for 3 hours and then transferred to
IAA solution (10M) alone or to IAA (10-5M) plus kinetin (10-4M)
solution. Synergistic effect on ethylene production was observed
(Fig. 12). There was almost no difference whether the sections pre-
incubated in kinetin solution were transferred to IAA plus kinetin
or to IAA alone. The slopes of these two curves were almost the
same as the one incubated in IAA plus kinetin solution at zero time
(Fig. 12).
It appears that kinetin is only required in the early period
after cutting while IAA was required continuously in the stimulation
of ethylene production. Kinetin alone stimulates minute amount of
ethylene production as compared with IAA, and the effect of IAA is
reduced as the time of addition of IAA after cutting is increased
(Figs. 4 & 12).
13. Effect of the transfer of sections pre-treated with IAA plus
kinetin to various test solutions on ethylene production by
hypocotyl sections of etiolated mungbean seedlings
Similar to the effect of IAA removal on ethylene production
(Figs. 3, 6, 7, & 10), the removal of IAA plus kinetin from the
hypocotyl sections with subsequent treatment with either buffer or
kinetin solution both showed an immediate slow down in ethylene
production (Fig. 13). However, the slow down in the rate of ethy-
lene production as a result of removal of IAA plus kinetin was
further enhanced in the presence of 10 M cycloheximide. Sections
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Figure 12 Effect of kinetin pre-incubation on ethylene pro-
duction by hypocotyl sections of mungbean seedlings.
Twenty 2.5-cm long hypocotyl sections of 41/2-day
old etiolated seedlings were first incubated in 5-ml
incubation medium consisting of 0.05 M phosphate
buffer, pH 6.0, 2 per cent sucrose; or buffer
solution containing 10 4 M kinetin, or buffer
solution containing both IAA and kinetin. In trans-
fer studies, incubation was started with either
buffer solution or kinetin solution and at 3 hour
(indicated by arrow), the sections were washed
with buffer solution for several times and then
transferred to buffer solutions containing either





















Figure 13 Effect of kinetin (10 4 M), cycloheximide (10 4 M),
IAA (10 M), and IAA plus kinetin on the ethylene
production rate after removal of IAA plus kinetin
from the hypocotyl sections pretreated with IAA plus
kinetin for 3 hours.
Twenty 2.5-cm long hypocotyl sections from 4/2-
day old etiolated mungbean seedlings were incubated
in 5-ml incubation medium consisting of 0.05 M
phosphate buffer, pH 6.0, 2 per cent sucrose, and,
with or without 10-5 M IAA, or 10 4 M kinetin, or
both. In transfer studies, incubation was started
with 10-5 M IAA plus 10 4 M kinetin solution and at
3 hour (indicated by arrow), the sections were washed
several times with buffer solution and then incubated
























transferred either to IAA or back to IAA plus kinetin both showed
an essentially identical amount of ethylene production regardless
whether kinetin was present or not. In fact, they both showed a
higher rate of ethylene production immediate after transfer than the
un-transferred treated sections. This phenomenon is presumably due
to the stimulus caused by transfer (53) or to the freshly supply of
IAA (29). It seems that a continuous supply of IAA, but not of
kinetin, may be required to have a continuous and synergistic pro-
duction of ethylene, as previously shown in Figure 10.
14. Effect of CIPC concentration on ethylene production by hypocotyl
sections of etiolated mungbean seedlings
The effect of CIPC is diversified and many-folded. This experi-
ment is designed for studying the effect of CIPC on ethylene pro-
duction. The range of concentration used in this experiment was
from 4.68 x 10-5 M (10 ppm) to 4.68 x l0 4 M (100 ppm). The time
course study and the dose-response curves of ethylene production by
the hypocotyl sections of etiolated mungbean seedlings are shown in
Figures 14 a 14 b. The stimulatory effect of CIPC on ethylene
production increased appreciably with an increase in CIPC concen-
trations, especially when they weEe above 2.34 x 10-5 M (50 ppm)
(Figs. 14 a 14 b). It was apparent that CIPC-stimulated ethylene
production increased very rapidly during the first 5 hours of CIPC
treatment and reached a steady phase thereafter (Fig. 14 a).
Furthermore, a very short lag period was observed, especially in the
case when 4.68 x 10 4 M (100 ppm) CIPC was used. This pattern of
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Figure 14 Time course study (a) and dose-response curve (b)
of ethylene production by hypocotyl sections of
etiolated mungbean seedlings incubated with various
concentrations of CIPC.
Thirty 3-cm long hypocotyl sections of 3Y2-day
old etiolated mungbean seedlings were incubated in
9-ml medium consisting of 0.05 M potassium phosphate
buffer, pH 6.0, 2 per cent sucrose, with or without
various concentrations of CIPC ranging from
4.68 x 10-5 M (10 ppm) to 4.68 x l0~4 M (100 ppm)














































ethylene production was somewhat different from the ethylene pro-
duction stimulated by IAA which has an hour long lag period before
the massive synthesis of ethylene. It appears that the system for
ethylene production caused by CIPC may not be the same as that induced
by IAA.
15. Effect of CIPC on IAA-stimulated ethylene production by hypo-
cotyl sections of etiolated mungbean seedlings
Figure 15 a shows that 10 4 M IAA stimulated ethylene production
appreciably as compared with the control. However, CIPC had an
apparent inhibitory effect on IAA-induced ethylene production. With
an increasing CIPC concentration, there was a corresponding decrease
in ethylene production induced by 10-4 M IAA. The intensity of
inhibition of IAA-induced ethylene production by CIPC was pro-
portional to the CIPC concentrations (Fig. 15 b). It seems that at
concentrations above 2.8 x 10 4 M (60 ppm), the stimulatory effect
of IAA on ethylene production is completely eliminated (Figs. 15 a
15 b).
.In Figure 16, ethylene production is plotted against CIPC con-
centrations with or without the presence of 10-4 M IAA at different
time of incubation. At 4.68 x 10 4 M (100 ppm) CIPC concentration,
ethylene production was the same in both treatments throughout the
incubation period regardless whether l0 4 M IAA was present or not
(Fig. 16). It appears that at high CIPC concentrations ethylene
production induced by IAA is completely inhibited and that the
ethylene produced at 10 M IAA in the presence of 4.68 x 10 4 M
(100 ppm) CIPC may be solely due to the ethylene production stimu-
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Figure 15 Time course (a) and dose-response curve (b) of
ethylene production in the presence of various
concentrations of CIPC, with or without 10-4 M
IAA.
Thirty 3-cm long hypocotyl sections of 3/2-day
old etiolated mungbean seedlings were incubated in
9-ml medium consisting of 0.05 M phosphate buffer,
pH 600, 2 per cent sucrose, and 4.68 x 10 M (10
ppm) to 4.68 x 10 M (100 ppm) CIPC with or without
















































Figure 16 Dose-response curves of ethylene production by
hypocotyl sections treated with (solid squares)
or without (solid circles) 10-4 M IAA in the presence
of various concentrations of CIPC (4.68 x l0-5 M to
4068 x l0 4 M, i.e. 10 ppm to 100 ppm) at 2, 4, 69
and 12.5 hour.
This figure is plotted using the data of Figures
14 and 15. Legends similar as shown in Figures 14
and 15. Ethylene production from sections treated
with various concentrations of CIPC at 2 and 4 hour
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lated by CIPC alone. As reported in section 14, ethylene production
stimulated by CIPC is probably not by the same system for ethylene
production induced by IAA. It appears clearly that there are two
systems in the production of ethylene, one stimulated by IAA and the
other by CIPC. However, the ethylene producing system induced by
IAA is evidently inhibited by CIPC. When the concentration of CIPC




As with the etiolated pea epicotyl (13) and mungbean hypocotyl
sections (58), IAA at concentrations of 10 6 M to 10-3 M stimulates
ethylene production in the three parts of the 4-day old etiolated
mungbean (Phaseolus mungo L.) seedlings (Fig. 1). It is apparent
that the magnitude of the inductive increase in ethylene production
depends, within limit, on the concentration of IAA used. Since the
rate of ethylene production reflects the internal IAA level; the
latter approaches that in the external level by the rapid uptake
within one hour of treatment (14), so, higher concentrations of
IAA, to start with, are expected to induce a higher rate of ethylene
production. The operation of the enzyme system(s) that conjugates
and destroys IAA to a level below 10 8 M within 12 hours is induced
or activated during incubation (14, 16), thereby accounting for the
rapid decrease in ethylene production after the logarithmic phase
of increase (Figs. 3, 5, 6, and 7). Ethylene production is slightly
inhibited at IAA concentration of 10.2 M as compared with that of
10 M and 10 M (Fig. 1), possibly because of the injurious effect
at this non-physiological concentration.
The pH optimum for ethylene production in both the control and
IAA-treated sections is around 5 (Fig. 2). Since ethylene production
is pH-dependent, it seems to suggest that the system for ethylene
production induced by IAA might, be an enzymic one.
The IAA-induced ethylene production shows a lag period of
about one hour (Figs. 3, 5, 6, and 7) followed by a logarithmic
increase, as previously shown by other workers (29, 58).
70
That the removal of external IAA did not cause an immediate
reduction in ethylene production for up to two hours as compared
with the one without the removal of IAA (Figs. 3, 6, 7, and 10)
seems to suggest that there is an intermediate which is responsible
for the ethylene production. However, reduction of ethylene pro-
duction has been observed two hours after transfer. It appears-that
the intermediate is a short-lived one (29, 58). Furthermore, the
data indicate that continuous supply of IAA is necessary for ethylene
production.
Auxins have been shown to elicit their remarkable effects by
stimulating nucleic acid synthesis (31, 32, 33, 34, 35, 36, 44, 45,
46, 81) and protein/enzyme synthesis (31, 33, 50, 81), and, the
effectiveness of auxins is inhibited by nucleic acid and protein
synthesis inhibitors (31, 36, 50, 81). The present data on the
nucleic acid and protein synthesis inhibitor studies (Figs. 5, 6,
and 7) suggest that the ethylene production induced by IAA is through
an enzyme. The intermediate suggested above appears to be an
enzyme. Yang and his associates (83, 84, 85, 86) has demonstrated
that horseradish peroxidase can produce ethylene in vitro. However,
recent studies by Kang and his associates (29) indicate that IAA
stimulation of ethylene synthesis is not mediated by induction of
peroxidase, but by a highly labile product of the IAA action which
induces growth and ethylene production. In this investigation,
whether or not ethylene production induced by IAA is through per-
oxidase was not ascertained. Since both actinomycin D and cyclo-
heximide inhibit IAA-induced ethylene production (Figs. 5, 6, and 7),
71
it is likely that the function of IAA in inducing ethylene production
is to activate messenger-RNA (m-RNA) synthesis which in turn effects
the synthesis of protein. This new protein thus synthesized is
responsible for ethylene production.
As shown in Figures 4 and 9, the effectiveness of IAA in inducing
ethylene production is decreasing if the time of pre-incubation'of
the tissues, after cutting, in the buffer solution is increased before
the. addition of IAA. It appears that some deleterious substance(s)
are formed or activated after cutting and/or ageing; the presence of
which will affect the effectiveness of IAA in stimulating ethylene
production. Recent reports from several laboratories show that in
excised tissues floated on water, rapid declines in the levels of
DNA, RNA, protein and chlorophyll have been observed (5, 51, 54, 61,
68, 71, 75). On the other hand, an increase in activities of DNase
(67, 68), RNase (18, 19, 37, 64, 67, 68, 78), protease (5), IAA-
oxidase (23), peroxidase (37, 52, 55), and other hydrolytic enzymes
(5, 18, 37, 68, 78) is well documented in literatures. It is
generally considered that IAA-oxidase is a peroxidase (22, 47) which
catalyzes the breakdown of IAA. Since the production of ethylene
induced by IAA is mediated by enzyme system(s), and this enzyme(s)
is synthesized through the newly synthesized m-RNA, the presence of
nuclease and protease would certainly lower the level of the newly
synthesized m-RNA and protein responsible for ethylene production.
Naturally, the decrease in effectiveness of IAA in inducing ethylene
production in aged tissues is expected. The deleterious sub-
stance(s) suggested above might be one, several and/or all of these
enzymes.
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Alternatively, the reduction of effectiveness of IAA in stimu-
lating ethylene production by the "aged" hypocotyl sections (Figs. 4
and 9) may be simply due to the reduced rate of IAA uptake by the
aged tissues.
Figure 8 shows that kinetin alone can stimulate ethylene pro-
duction. The effectiveness of kinetin in inducing ethylene production
is low in comparison with the effectiveness of IAA (Figs. 1, 3, 9, 10,
and 13). However, a synergistic effect on ethylene production is
observed if kinetin and IAA are added together (Figs. 9, 10, and 13)0
Perhaps the effect of kinetin in stimulating ethylene production is
different from that of IAA.
As shown in Figures 11 and 12 a & b, kinetin has the ability
to prevent the decrease in effectiveness of IAA in stimulating
ethylene production in "aged" tissues if the excised tissues are
pre-incubated in kinetin first and then transferred to IAA or to IAA
plus kinetin. The rate or slope of ethylene production by the
sections pre-incubated in kinetin and then transferred to IAA or to
IAA plus kinetin is the same as the one treated with IAA plus kinetin
at the beginning (Figs. 12 a & b). The rate of ethylene production
in the excised tissues pre-treated in buffer or IAA and then transferred
to IAA plus kinetin is the same (Fig. 11), however, the rate of ethy-
lene production is much lesser than that either treated with IAA plus
kinetin at the beginning or pre-treated with kinetin and then trans-
ferred to IAA alone or to IAA plus kinetin (Figs. 11 and 12). On
the other hand, the rate of ethylene production is nevertheless
higher than that treated with IAA alone at the beginning. From the
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data presented in Figures 8 to 13, it is evident that kinetin alone
stimulates minute amount of ethylene production as compared with
that stimulated by IAA. In addition, kinetin is only required in
the early period after cutting while IAA is required continuously
in the stimulation of ethylene production, possibly because kinetin
is more stable than IAA in the excised tissues. The effect of IAA
on ethylene production is reduced as the time of addition of IAA
after cutting is increased. Evidently, it appears that the function
of kinetin is to prevent the formation of the "deleterious" sub-
stances which cause the decrease in effectiveness of IAA action on
the stimulation of ethylene production. Alternatively, kinetin may
act by stimulating or maintaining the uptake rate of IAA by the "aged"
tissues as that by the freshly excised tissues.
Kinetin has been known to stimulate both RNA (6, 25, 51, 57,
65, 66, 71) and protein synthesis (25, 51, 54, 57, 71, 75), to retard
the rapid declines in the levels of DNA, RNA, protein and chlorophyll
immediate after excision (5, 51, 54, 68, 71, 75), and to slow down
the increase of DNase (68), RNase (64, 67, 68), protease (5) and
certain isoenzymes of IAA-oxidase (38). All these findings have
indicated that kinetin in some way may maintain the levels of DNA
and RNA and thus keep the protein synthesis going on in excised
tissues, possibly by lowering the levels of various degradative
enzymes. It has been suggested that the reduced supply of cytokinins
from the root to the shoot (when the plants have reached their final
size) is one of the factors bringing about shoot senescence (63).
The prevention of leaf senescence by applying kinetin has also been
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attributed to the retardation of the formation of degradative enzymes
(5, 51, 51+, 57, 66, 67, 68). In this context, the synergistic effect
of kinetin may be simply due to the prevention of the formation of
deleterious substances, namely, the enzymes mentioned above. By
maintaining the endogenous level of IAA (through the inhibition of
IAA destruction), aid by preserving the integrity of nucleic acid
apparatus (via stimulating synthesis and suppressing destruction of
nucleic acid), kinetin seems to be the most possible factor to
account for the massive and prolonged synthesis of ethylene by the
hypocotyl sections of mungbean in response to IAA. The same con-
clusion has been reached in the study of the survival of excised
leaves (5, 51, 51+, 57, 66, 67, 68). It seems that the protective
effect of kinetin on IAA-induced ethylene production operates best
when it is administered immediately after the cutting of tissues,
but its effectiveness is reduced when the application is delayed.
It is quite possible that once the deleterious substances of IAA
action have been induced as a result of cutting and ageing, they
would lower the endogenous IAA level and the product(s) of IAA
action, i.e* nucleic acid and protein/enzyme levels, and thus de-
creasing the amount of ethylene production.
Since the action of kinetin seems to prevent the formation of
deleterious substance(s), the small amount of ethylene production
stimulated by kinetin alone appears to be solely due to the endo-
genous level of IAA.
Since the mode of actions of CIPC are many-folded and diversi-
fied, the effect of CIPC on ethylene production was investigated.
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As shown in Figure 14, high concentration of CIPC stimulates
ethylene pr oduction4 The lag period for ethylene production in
CIPC-treated sections is shorter than that required for ethylene
production by IAA-treated ones. It appears that the system for
ethylene production induced by CIPC may not be the same as the one
induced by IAA. Perhaps there are two different systems in the-pro-
duction of ethylene, one stimulated by IAA and the other by CIPC.
Mann and his associates (42) reported that the action of CIPC,
in some cases, is similar to kinetin. Perhaps the mechanism of
CIPC in stimulating ethylene production is the same as kinetin.
Alternatively, the stimulation of ethylene production by CIPC may
be simply due to the effect of chemical injury/stress (53) on the
hypocotyl sections after CIPC treatment.
The ethylene producing system induced by IAA is apparently
inhibited by CIPC (Fig. 15) and that the production of ethylene
induced by 4.68 x 10-4 M (100 ppm) CIPC is the same as the ethylene
production induced by 10-4 M IAA in the presence of 4.68 x 10- 4 M
(100 ppm) CIPC (Fig. 16). It appears that 4.68 x 10~4 M (1.00 ppm)
CIPC completely inhibits the ethylene producing system induced by
IAA, and perhaps the amount of ethylene production in the IAA plus
CIPC treatment is solely due to the effect of CIPC alone. Since CIPC
inhibits the nucleic acid synthesis (87) and the incorporation of
amino acids into protein (40), the inhibition of ethylene producing
system induced by IAA might be due to the effect of CIPC in inhi-
biting the IAA-induced nucleic acid synthesis and/or the amino acid




The present study concerns the stimulation of ethylene pro-
duction by IAA, kinetin, and CIPC in the hypocotyl sections of
etiolated seedlings of mungbean (Phaseolus mun.o L.). The possible
synergistic effect of kinetin on IAA-induced ethylene production is
discussed. Definitive results obtained are summarized as follows:-
1. The magnitude of stimulation of ethylene production by IAA or by
kinetin depends on the concentrations of the hormone used. The
optimal pH for ethylene production stimulated by IAA is around 5.
2. The removal of IAA from the incubation medium leads to a reduction
of ethylene production by the hypocotyl sections. This phenomenon
indicates that a continuous supply of IAA is essential for constant
ethylene production.
3. A delayed addition of IAA to the hypocotyl sections results in a
marked reduction of both the rate and amount of ethylene produced,
possibly as an effect of ageing of the tissues.
4. Nucleic acid and protein synthesis inhibitors inhibit the IAA-
induced ethylene production, suggesting that the synthesis of
both nucleic acid and protein/enzyme is required for the production
of ethylene.
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5. Kinetin has a significant synergistic effect on IAA-induced
ethylene production when administered at zero time. A delayed
addition of kinetin exhibits only a partial synergistic effect
on IAA-induced ethylene production.
6. The rates of ethylene production by hypocotyl sections first'
treated with kinetin for 3 hours and then transferred to either
IAA or IAA plus kinetin are the same. Both of them also show a
rate of ethylene production similar to the one treated with IAA
plus kinetin at zero time. However, there is a marked difference
between the kinetin-pretreated and buffer-preincubated sections
in response to IAA; the former shows an identical synergistic
effect as those treated with IAA plus kinetin at zero time
(regardless the delayed addition of IAA), but the latter shows a
much reduced rate of ethylene production as compared with the
IAA-treated sections.
7. In contrast, hypocotyl sections first treated with IAA and then
with only kinetin shows no synergistic production of ethylene.
Like those transferred to buffer solution, the hypocotyl sections
after transfer produce a smaller amount of ethylene than the un-
transferred IAA-treated sections.
8. The results indicate that the function of kinetin is to prevent
the formation of deleterious substances, which will bring
about a decrease in effectiveness of IAA-induced ethylene pro-
duction.
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9. Kinetin alone can stimulate ethylene production slightly. The
action of kinetin in stimulating ethylene production in excised
tissues may be due to the prevention of the formation of certain
deleterious substances. Perhaps the small amount of ethylene
production stimulated by the application of kinetin is solely due
to the functioning of the endogenous level of IAA as a result
of kinetin-prevented formation of certain deleterious sub-
stances.
10. CIPC has a dual effect on ethylene production by the hypocotyl
sections of etiolated mungbean seedlings. It stimulates ethylene
production on one hand while on the other hand it inhibits IAA-
induced ethylene production. It appears that the ethylene pro-
ducing systems induced by IAA and by CIPC are not identical.
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